Introduction
Until recently, immunocytochemical localization of putative neurotransmitters was largely dependent on the availability of pure preparations of transmitter-specific enzymes as biochemically homogeneous proteins for immunization. In the meantime, antibodies against neuropeptides and neuroactive amino acids have been recognized as powerful tools for the localization of these compounds in the central nervous system (for review see H#{246}kfelt et a). , 1986; Otterson et al., 1986; Storm-Mathisen and Ottersen, 1986; Lanson, 1983; H#{246}kfelt et al., 1980; Snyder, 1980 which were further pugified by affinity chromatography. The immunocytochemical specificities of these purified antibodies were verified in adjacent sections of GA-fixed rat spinal cord. Pre-embedding staining with anti-Met-enkephalin in combination with post-embedding staining for amino acids such as GABA allowed double staining ofthe two antigens in a single semi-thin section. (JHistochem Cytochem 39:749-760, 1991) KEY WORDS:
Two-step coupling procedure; Glutaraldehyde-activated carrier protein; Anti-GABA; Anti-glutamate; Anti-glycine; Anti-Met-enkephalin;
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Optimal preservation of tissue structure at the level of highresolution light microscopy or electron microscopy, as well as immunocytochemical demonstration of neuroactive amino acids, requires perfusion-fixation with GA. During fixation, compounds with primary amino groups, such as amino acids or peptides, are linked by GA in a complex reaction pattern (Johnson, 1987; Hardy et al., 1976) to adjacent proteins.
In this way these small molecules are retained in the tissue section during washing and embedding but can be immunologically modified.
Therefore, to obtain antibodies reactive with neuroactive substances in GA-fixed tissue, it is essential that GA is also used for the preparation of the hap.
ten-carrier conjugates.
Thus far, a one-step technique has been commonly used for the GA-mediated coupling of amino acids and neuropeptides to carrier proteins. This procedure, however, whith consists of adding GA to a mixture of the prospective hapten and the carrier, suffers from several disadvantages.
Addition of GA to the relatively concentrated solution frequently causes the formation of precipitates with concomitant loss of material and an obscured determination ofthe molar ratio ofhapten to carrier protein. Furthermore, a highly complex mixture is usually obtained, consisting not only of pro-MEYER, BEHRINGER, VEH tein oligomers but also of different-sized small molecular weight polymers ofGA and the hapten (molecular weight up to 4000 daltons) (Cheung and Nimni, 1982) , ofwhich many are too small to induce antibody formation. These problems may be less important for the preparation of carrier-linked amino acids. Linking Amino Acids and Neuropeptides to BSA with the Two-step Procedure.
Materials and Methods

Preparation of Antigens
For loading BSA with GA, a two-step method for linking Fab fragments to ferritin (Kishida et al., 1975; Avrameas and Ternynck, 1971) was modified for our purpose. The amount of incorporated aldehyde groups was determined after adding 100 mg BSA in 5 ml of 100 mM phosphate buffer, pH 7.4, in drops to 5 ml ofwell-stirred GA, concentrations ranging from 0.2 to 2.5 M, in the same buffer. 
Colorimetric
Determinations.
Concentrations of proteins and hapten-protein conjugates were determined either at 280 nm, with the Lowry assay (Lowry et al., 1951) , or predominantly with the bicinchoninic acid method (Smith et al., 1985) . For the latter assay, 20 .tl oftest solution were mixed with 500 tl bicinchoninic acid working solution (Pierce; Rockford, IL), incubated for 2 hr at room temperature, and immediately read at 562 nm.
Aldehyde groups were determined with the aid ofSchi.ff's reagent. For assay, 20-tl samples or 20-hI PBS blanks were diluted with 980 tl H20. After addition of 100 tl Schiff's reagent (Mantle and Allen, 1978 ) and incubation for 30 mm at room temperature, the color was read at 555 nra. and 23:1 (glycine). Booster injections were given at intervals of 3-4 weeks by use ofincomplete Freund's adjuvant and the same amounts of conjugate.
Blood samples of 10-50 ml were drawn before the first immunization and before each booster. The blood was allowed to dot overnight. After decomplementation and centrifugation, the immune sera were assayed for protein concentration and antibody titer (ELISA; see below).
Preparation of IgG Fractions. IgG fractions were prepared by protein A affinity chromatography.
A Pasteur pipette column containing mm on a horizontally rotating plate, the suspension was supplemented to 500 tl with buffer and the beads were allowed to settle. The supernatant was taken off and antibody titers against both the corresponding and the cross-reacting antigen were determined with an EUSA assay (see below).
Preparation ofAffinity-purified Antisera
Pre-adsorbed antisera were used at a final dilution of 1:10 in EWB (ELISA wash buffer; see below). They were adsorbed to the minimum amount of antigen-loaded Iris Acryl beads by 30 rain agitation as above. The settled beads were washed at least four times with a twofold volume ofEWB. Specific antibodies were eluted by suspending the settled beads in a 2.5-fold volume of 3 M sodium thiocyanate, agitating them for 5 mm, and removing the supernatant. After repeating the elution procedure, the combined supernatants were dialyzed overnight against EWB. For the dot-blot assay, a modification ofa recently described procedure (Hodgson et al., 1985) Two PBS washings were followed by preincubation in PBS-A and by treatment with biotinylated secondary antibody (see above), diluted 1:1000 in PBS-A, for 6 hr at room temperature.
After the same washing sequence the Elite-ABC complex (see above) was applied for 2 hr at 1:1000 dilution in PBS-A.
Peroxidase activity was visualized as described above, the reaction product intensified by treatment for 10 mm with 0.1% aqueous osmium tetroxide, and finally the sections were dehydrated and coverslipped.
Controls
For controls, the corresponding primary antisera were either omitted or replaced by the corresponding pre-immune serum or neutralized by overnight pre-incubation with the corresponding antigens. All controls showed no or only minor background staining. Adjacent sections to immunocytochemically treated sections were stained with 1% toluidine blue at pH 9.0.
Results
Preparation of Conjugates
Immunoenzymatic Cytochemistry 
Comparison of Conjugates from the One-step and the Two-step Procedure
When the behavior of the material in the incubation mixture of the one-step procedure on Sephadex G-25 chromatography was cornpared with that ofthe two-step procedure (Figure 2 ), the most prominent difference was the clear separation between the carrier-bound and the free radioactivity.
In the two-step procedure, there were about five fractions between the void volume peak and the free hapten ( Figure  2b ), which were largely devoid of radioactivity. In the one-step procedure, these fractions ( Figure  2a) (a) Incubation of BSA with increasing concentration of GA for 6 hr at room temperature yielded largely maximal incorporation at 500 mM GA. (b)A strikingly different dependence on the hapten concentration is seen especially between glutamate (-#{149}-#{149}-#{149}-) on the one hand andglycine
(-A-A-A-)
and
Metenkephalin (-U-U-U-) on the other. Dependence on pH value and incubation time is shown for glutamate. (C) Maximum incorporation is achieved at pH 9-10 and (d) with incubation for about 24 hr at room temperature.
For further details see Materials and Methods. to Sephadex G-25 chromatography, separation of carrier-bound radioactivity from small molecular weight material is clearly better in the two step procedure (b) as compared with the one-step technique (a). This suggests for the two 
course of purification, as seen with ELISA and dot-blot assays, is shown in Figures  3 and 5 in the case of the glutamate serum.
Immunological Characterization of Antisera
The purified antisera orlgG fractions were immunologically characterized in a first step using a direct EUSA assay ( Figure 3 mate and glycyl-glutamate ( Figure  Sc) . The latter result confirmed that the anti-glutamate antibody at least partially recognized peptide-linked glutamate in addition to the GA-linked molecule.
The antibodies against GABA ( Figure  Sd (Figure 6a ). This unspecific staining was increased when the serum fraction which had not been bound by the Tris Acryl beads was used for staining.
In this case specific staining nearly disappeared (Figure 6b ). In contrast, the affinity-purified antibodies showed a highly distinct staining largely devoid of unspecificity, as seen from the empty lumina ofvessels and the central canal (Figure 6c ).
All three antibodies produced the expected staining in both the ventral and the dorsal part ofthe spinal cord ( Figure  7) . Staining with the anti-glycine antibody showed an impressive crowding of glycine-containing synapses around the cell body and the dendrites ofmotor neurons (Figure 7a ). There were only few GABA-positive synapses (Figure 7c) : adsorbed primary antibody or replacing it by the corresponding pre-immune serum were negative (not shown).
Simultaneous Demonstration of GABA-and
Met-enkephalin-like Immunoreactivity in One Tissue Section
For this purpose, vibratome sections of the rat septal area were stained before embedding for Met-enkephalin-like immunoreactivity, as described above. After light staining with toluidine blue, semi-thin sections showed Met-enkephalin as black dots surrounding immunonegative cells ( Figure  8d) . Thereafter, the same 5cctions were etched and stained for GABA, allowing correlation of Met-enkephalin-and GABA-like immunoreactivity in a single 5cclion ( Figure  8e ). The adjacent semi-thin section (Figure  8d , inset) was used as control for the post-embedding step, omitting the anti-GABA antibody (Figure  8e , inset). Some residual Metenkephalin staining could be detected, which was too weak to be confused with the GABA staining. Figure  7) and The suitability of the anti-Met-enkephalin antibody for sequential double staining is shown in the rat. Vibratome sections of the septal area were processed for pre-embedding staining of Met-enkephalin-like immunoreactivity and flat-embedded in araldite. Serial semi-thin sections were analyzed after light staining with toluidine blue. (d) Neurons surrounded by immunoreactive dots were photographed in two consecutive (Inset) semi-thin sections. (a) Thereafter, both sections were treated for post-embedding staining for GABA-like immunoreactivity, using the second section (Inset) as antibody omission control. Among many GABA-immunoreactive dots which are more or less evenly distributed, several can be detected close to the cytoplasm of the neurons (arrows).
Discussion
Chemistry of the Linkage Reaction
They are largely absent from the single neuron, which apparently receives strong Met-enkephalin-positive input. Bars: a -500 sm; b = 20 tm; c-a = 10 tm. 
